Reply to: Do Additional Limb Bioimpedance Index Variables Improve the Predictive Accuracy of the Fat-free Mass Prediction Model?  by Yeh, Chingwen et al.
at SciVerse ScienceDirect
International Journal of Gerontology 7 (2013) 63–64Contents lists availableInternational Journal of Gerontology
journal homepage: www.i jge-onl ine.comLetter to the Editor
Reply to: Do Additional Limb Bioimpedance Index Variables Improve
the Predictive Accuracy of the Fat-free Mass Prediction Model?qTo the Editor:
To elucidate the contributions of limb bioimpedance index (BI)
variables, we used a stepwise linear regression model to compare
the differences in predictive accuracy by selecting different combi-
nations of variables such as weight, age, whole-body BI, arm on BI,
leg BI, and trunk BI to obtain the optimal predictive performance of
the model. The correlations and collinearity among the selected
variables were also examined. This study used the measurement
results of dual-energy X-ray absorptiometry in fat-free mass
(FFM) as reference values to validate the predictive accuracy of a lin-
ear regression model for estimating FFM in 39 Taiwanese healthy
middle-aged and elderlymales. The results suggested that the addi-
tional limb BI variables failed to improve predictive accuracy in FFM
estimation.
The mean age was 62.5  5.2 years, body fat percentage was
27.9%  7.1%, FFM was 54.7  7.2 kg, whole impedance was
540.8  52.4, ohm, and trunk impedance was 42.6  17.9 ohm.
The results of the one-way analysis of variance showed that there
were no signiﬁcant differences between the right and left leg impe-
dance. Table 1 shows that the variable h2/Zwhole was the ﬁrst
selected predictor in the predictive equation; r2 ¼ 0.821 with stan-
dard estimation of error (SEE) as 3.08 kg.Whenweight (w) and year
(y) were included in the model, the variables can increase the value
of r2 up to 0.854 and decrease the SEE down to 2.76 kg. The varianceTable 1
The results of multiple regression analysis for h2/Zwhole and other variables for predictin
Cumulative dependent variables used in model (n ¼ 39)
h2/Zwhole w Y h2/Zarm
0.87  0.07 (1.0)** d d d
0.69  0.09 (2.3)** 0.15  0.06 (2.3)* d d
0.66  0.10 (2.4)** 0.17  0.06 (2.6)** 0.10  0.10 (1.1) d
0.45  0.15 (6.2)* 0.14  0.06 (2.8)* 0.02  0.13 (1.4) 0.14  0.08 (6.3)
0.48  0.36 (34.5) 0.14  0.06 (2.8)* 0.02  0.10 (1.4) 0.14  0.11 (12.1)
0.31  0.38 (39.2) 0.14  0.06 (2.7)* 0.02  0.10 (1.4) 0.20  0.12 (15.5)
Data are presented as regression coefﬁcient estimate  SEE.
* p < 0.05; ** p < 0.001.
BIA ¼ bioelectrical impedance analysis; FFM ¼ fat-free mass; h2/Zarm ¼ height squared/a
trunk impedance; h2/Zwhole ¼ height squared/whole-body impedance; r ¼ variance; SEE
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included as the predictor or weight and year were added as the
additional variables in model. However, because h2/Zarm was also
included into the model, the value of r2 was not signiﬁcantly
increased and the VIF was increased to 6.2 and 6.3, respectively.
Furthermore, when h2/Zleg and h2/Ztrunk were also included in the
model, the VIFs were escalated to 34.5 and 39.2, respectively. There
were no signiﬁcant differences in the impedances of left and right
arms as well as that of the legs. Therefore, when all were incorpo-
rated to predict FFM, the performance of model was not increased
but the VIF inﬂated, which indicated that the BI variables were cor-
related and the collinearity existed.
The impedance of the human body wasmeasured via a hand-to-
foot electric pathway on a single side of the body. Therefore, Zwhole
was the combination of Zarm, Zleg, and Ztrunk. According to the Ohm’s
law, the resistance of a current passing through a conductor be-
tween two points is directly proportional to the length of the con-
ductor and is inversely proportional to the cross-sectional area.
Therefore, the BI of arms and legs may contribute more (compared
with the BI of the trunk) in explaining the variance of FFM in the
predictive model1–3.
The logical rationality of bioelectrical impedance analysis (BIA)
is the assumption of considering the whole human body as ﬁve cyl-
inders rather than one. Actually, anthropometric variables (param-
eters) oftentimes interact with each other which may exhibitg FFM (male participants, n ¼ 39).
h2/Zleg h2/Ztrunk Intercept SEE r2
d d 8.03  3.61* 3.08 0.821
d d 6.66  3.39 2.86 0.850
d d 12.25  6.61 2.86 0.854
d d 7.12  6.95 2.76 0.869
0.00  0.01 (11.7) d 7.12  7.17 2.80 0.869
0.03  0.10 (12.7) 0.01  0.00 (1.5) 7.56  7.18 2.80 0.872
rm impedance; h2/Zleg ¼ height squared/leg impedance; h2/Ztrunk ¼ height squared/
¼ standard estimation of error; VIF ¼ variance inﬂation factor; w ¼weight; y ¼ age.
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Letter to the Editor64nonlinear relationship rather than linear relationship. Therefore,
the nonlinear prediction model may perform better in estimating
body composition4. In order to improve the accuracy of predictive
performance, using the multiple parameters in a mathematical
model will be our next focus issue.
In conclusion, based on the results of the regression analysis and
the assumption of BIA, additional segmental BI variables do not
improve the accuracy of the BIA predictive equation for estimating
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